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Joseph F. Shea 

Chairman, Space Station Engineering 
and Technology Development Committee 
Aeronautics and Space Engineering Board 
Washington, D.C. 20418 

Dear Dr. Shea: 

I am pleased to forward the report of the proceedings of the 
In-Space Engineering Research and Technology Panel that met at the 
NASA Langley Research Center on May 21-22, 1985. The results of the 
meeting have been reviewed with Ray Colladay, Phil Culbertson, and 
members of their staffs. 

The panel's task was to review the Office of Aeronautics and Space 
Technology's (OAST's) activities related to: identifying and 

implementing an in-space research and technology development (R&T) 
program requiring the use of the space station system and the 
identification of requirements for in-space support of projected R&T 
activity. 


The review indicates that OAST Is aware of the kinds of things 
that need to be considered and done to bring into being a real R&T 
program. But it is reasonably clear to me that OAST has to move very 
energetically and effectively to bring Into being a real, funded 
program that represents the full spectrum of user interests, including 
the Department of Defense. The panel has provided comments on how 
this objective might be approached. This is not an easy task and will 
need top level management attention. 

A key problem will be funding. But, there was no discussion of 
projected requirements or the outlook for support. 

The panel believes that OAST, in the national interest, should 
begin to build a space R&T constituency to help define and advocate 
programmatic and support requirements and to build the required 
program. OAST has the charter for such action and should more fully 
exercise it. 


Among other important matters that the panel believes need fuller 
attention are: the use of spsce to build a fundamental phenomena data 

base; establishment of representative costs for R&T in the space 
station to allow investment judgments to be made; and assistance to 
universities in building astronautics curricula and related course 
work material. 

The panel report expands on th*>se and other matters that it 
believes require early NASA management attention. One matter of 
special interest to OAST not addressed by the panel due to very 
limited data was the technical content of the program plans. This is 
a matter of obvious importance that must be resolved relatively early. 

A point of special Interest to the ASEB: NASA requested the panel 

to consider the establishment of a committee to address on a 
continuing basis OAST's in-space R&T activity. The panel concurred 
that such a committee would be useful, but considered the matter more 
appropriate for direct discussion between OAST and the ASEB. 

Our deliberations and comments are intended to be constructive. 

It is hoped they are of value to NASA in the structuring and 
implementation of this important program. 



Richard W. Hesselbacher 


Chairman, Panel on In-Space 
Engineering Research and 
Technology Development 


Enclosure 


Panel Participation 


RICHARD W. HESSELBACHER ( Chairman ) , Manager, Division Advanced 
Development and Information Systems, Space System Division, and 
President, Management and Technical Services Company, General 
Electric Company 

LAWRENCE R. GREENWOOD, Vice-President, Strategic Operations, 

Ball Aerospace Systems Division 
DONALD P. HEARTH, Director of Space Sciences and Technology, 

University of Colorado 

SIDNEY METZGER, Sidney Metzger and Associates, Engineering Consultants 
WALTER B. OLSTAD, Director, Strategic Planning, Lockheed-California 
Company 

JAMES T. ROSE, Director, Electrophoresis Operations in Space, 
McDonnell-Douglas Astronau.ics Company 
JOSEPH F. SHEA, Senior Vice-President, Engineering, Raytheon Company 
CLARENCE A. SYVERTSON, Consultant 

BYRON D. TAPLEY, Clare Cockrell Williams Chair of Engineering, 
Department of Aerospace Engineering, University of Texas 
LAURENCE R. YOUNG, Professor of Aeronautics and Astronautics, 
Massachusetts Institute of Technology 

Additional Participants 
WARREN P. MANGER, Consultant 

VINCENT L. PISACANE, The Johns Hopkins University Applied 
Physics Laboratory 


NASA Liaison Representatives 

RICHARD F. CARLISLE, Deputy Director, Engineering Division, Space 
Station Office 

JAKES M. ROMERO, Assistant Director for Space Station Technology, 
Office of Aeronautics and Space Technology 

Presentors and Observers 

JOHN L. ANDERSON, NASA Headquarters 

ROBERT W. BUCHAN, NASA Langley Research Center 

LENWOOD CLARK, NASA Headquarters 

EARL S. COLE, Rockwell international 

JOSEPH DREWRY, NASA Headquarters 

PAUL HOLLOWAY, NASA Langley Research Center 


v 


W. RAY HOOK, NASA Langley Research Center 

JAMES JOHNSON, NASA Headquarters 

CAROLYN KIMBALL, NASA Headquarters 

JOHN LORIA, NASA Headquarters 

JOHN C. MANKINS, Jet Propulsion Laboratory 

WILLIAM MASICA, NASA Lewis Research Center 

WILLIAM P. RANEY, NASA Headquarters 

RICHARD A. RUSSELL, NASA Langle: Research Center 

OLE SMISTAD, NASA Johnson Space Center 

STANLEY I. WEISS, Lockheed Missiles and Space Company 

ASEB Staff 

BERNARD MAGGIN, Project Manager 
JULIE A. FERGUSON, Project Assistant 


vi 


Ad Hoc Committee Members 


JOSEPH F. SHEA, Senior Vice President, Engineering, Raytheon Company, 
Chairman 

LAWRENCE R. GREENWOOD, Vice President, Strategic Operations, 

Ball Aerospace Systems Division 

JOHN V. HARRINGTON, Consultant 

DONALD P. HEARTH, Director of Space Sciences and Technology, 
University of Colorado 

RICHARD W. HESSELBACHER, Manager, Division Advanced Development and 
Information Systems, Space -System Division, and President, 
Management and Technical Services Company, General Electric Company 

KENNETH F. HOLTBY, Senior Vice President, The Boeing Company 

ARTUR MAGER, Consultant 

SIDNEY METZGER, Sidney Metzger & Associates, Engineering Consultants 

WALTER B. OLSTAD, Director, Strategic Planning, Lockheed-Calif ornia 
Company 

JAMES T. ROSE, Director, Electrophoresis Operations in Space, 
McDonnell-Douglas Astronautics Company 

ALTON D. SLAY, Slay Enterprises, Inc. 

CLARENCE A. SYVERTSON, Consultant 

BYRON D. TAPLEY, Clare Cockrell Williams Chair of Engineering, 
Department of Aerospace Engineering, University of Texas 

LAURENCE R. YOUNG, Professor of Aeronautics and Astronautics, 
Massachusetts Institute of Technology 


ASEB Stiff 

BERNARD MAGGIN, Project Manager 
JULIE A. FERGUSON, Project Assistant 


vli 


r 


Aeronautics and Space Engineering Board 

Members 

JOSEPH F. SHEA ( Chairman ) , Senior Vice-President, Engineering, 
Raytheon Company 

MAX E. BLECK, President arid Chief Executive Officer, Piper Aircraft 
Corporation 

W. BOWMAN CUTTER III. Coopers and Lybrand 
R. RICHARD HEPPE, President, Lockhesd-California Company 
KENNETH F. HOLTBY, Senior Vice-President, The Boeing Company 
JAMES J. KRAMER, Manager, Advanced Technology Programs, General 
Electric Company 

PETER W. LIKINS, President, Lehigh University 

STEPHEN F. LUNDSTROM, Associate Professor in Electrical Engineering 
(Research), Center for Integrated Systems, Stanford University 
ARTUR MAGER, Consultant 

STANLEY MARTIN, JR., Vice-President, JVX Engineering, Bell Helicopter 
Textron 

JOHN F. MCCARTHY, JR., Northrop Corporation 
JOHN L. McLUCAS, Communications Satellite Corporation 
IRWIN MENDELSON, President, Engineering Division, Pratt and Whitney 
Aircraft Group 

SIDNEY METZGER, Sidney Metzger and Associates 
THOMAS 0. PAINE, Thomas Paine Associates 

ROGER D. SCHAUFELE, Vice-President, Engineering, Douglas Aircraft 
Company 

ROBERT E. SKELTON, Professor of Aeronautics Engineering, 

Purdue University 

ALTON D. SLAY, Slay Enterprises, Inc. 

MORRIS A. STEINBERG, Vice-President, Science, Lockneed Corporation 
BYRON D. TAPLEY, Clare Cockrell Williams Chair of Engineering, 
Department of Aerospace Engineering, University of Texas 
GEORGE A. WARDE, President, Continental Air Micronesia 
LAURENCE R. YOUNG, Professor of Aeronautics and Astronautics, 
Massachusetts Institute of Technology 

Executive Staff 

ALBERT J. EVANS, Executive Director 
BERNARD MAGGIN, Senior Professional Associate 
LAURA D'SA, Administrative Secretary 
JULIE A. FERGUSON, Senior Secretary 
MARLENE R. VEACH, Administrative Secretary 


viii 



Preface 


In 1984, at the request of the National Aeronautics and Space 
Administration (NASA), the Aeronautics and Space Engineering Board 
(ASEB) undertook a study of NASA's space station program. The results 
of this study by the ASEB's ad hoc committee on Space Station 
Engineering and Technology Development were published this year. NASA 
found the study useful and asked the ASEB to continue examination of 
the evolving space station program through a series of more specific 
studies on these subjects: 

i> maintainability 

ft research and technology in space 

• solar thermodynamics research and technology 

• program performance 

• onboard command and control 

• research and technology road maps 

This report of proceedings documents the second of this series of 
studies, research and technology in space. The study was intented to 
provide NASA with comments on: activity related to definition, devel- 

opment, and implementation of an engineering research and technology 
development program requiring the space station and on the support 
required of the space station for this program. 

The panel consisted of selected members of the committee and 
representacives from industry with special knowledge and experience in 
the science, art, and engineering pertinent to space engineering 
research and technology development. The panel was briefed by NASA, 
industry, and university representatives involved and experienced in 
space research and technology. NASA also identified some of the 
issues they wanted the panel to address. These matters were discussed 
by the panel and summary observations were developed. 

This report of proceedings contains a brief synopsis of the 
presentations to the panel, notes on the discussion of the panel, and 
a summary of the panel's observations for NASA's consideration. For 
completeness, a set of presentation material is appended 
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Introduction 


BACKGROUND 

In 1984 the ad hoc committee on Space Station Engineering and 
Technology Development of the Aeronautics and Space Engineering Board 
(ASEB) conducted a review of the National Aeronautics and Space 
Administration's (NASA's) space station program planning. The review 
addressed the initial operating configuration (IOC) cf the station. 

The committee' 8 study was released in February 1985. NASA factored 
the results of the study into its Phase B (concept and preliminary 
design) request for proposals issued to industry in September 1984 and 
awarded in April 1985. 

As a result of this work, NASA asked the ASEB to reconstitute the 
ad hoc committee to address: 

• onboard maintainability and repair 

• in-space research and technology program and facility plans 

• solar thermodynamic research and technology development program 
planning 

• program performance (cost estimating, management, and cost 
avoidance) 

• onboard versus ground-based mission control 

• technology development road maps from ICC to the growth station 

The objective of these new assignments is to provide NASA with 
advice on ways and means for Improving the content, performance, 
and/or effectiveness of these elements of the space Btatlon program. 

In response, the ASEB has reconstituted the ad hoc committee which 
then established panels to address each subject. The participants of 
the panels come from the committee, Industry, and universities, 
providing each panel with individuals experienced in the area of 
special interest. 

In view of NASA's interest in program definition and development, it 
was decided tiat the subjects of maintainability, program performance, 
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and onboard mission control would be addressed In roundtable forums 
focusing on concepts, system design, and organization. 

It was decided that the subjects of research and technology in 
space, solar thermodynamic research and technology development, and 
technology development road maps would be addressed in workshops that 
focus on NASA program activity and plans. 

To expedite the documentation and dissemination of the information, 
the deliberations of the panels are being reported as proceedings. 

The proceedings of the Panel on Maintainability were published in May 
1985. The proceedings of the Panel on In-Space Engineering Research 
and Technology Development are presented in this report. 


THE PANEL ON IN-SPACE ENGINEERING RESEARCH 
AND TECHNOLOGY DEVELOPMENT 

The initial task statement for the Panel on In-Space Engineering 
Research and Technology Development (R&T) noted that: 

NASA will outline its activity and plans for identifying 
and developing R&T programs to be conducted by the space 
station and related in-space support needs including module 
requirements. Included will be consideration of use of the 
station for R&T for other government agencies, universities, 
and industry. 

The panel will review these activities and plans with the 
intent of helping to assure that an in-space R&T capability is 
being pursued effectively. NASA needs to resolve not only the 
nature of the projected R&T programs and the support and 
facility requirements but also its role in developing, 
supporting, and servicing the program. Is NASA's role the 
same as that for ground-based space R&T? 

This statement was expanded by a set of issues identified by NASA: 

The space station, with its projected capabilities and 
associated opportunities, is stimulating a reassessment of 
long-range plans throughout the space community — by planners, 
designers, developers, and users. The Office of Aeronautics 
and Space Technology (OAST) recognizes that the space station 
era may require new approaches to planning and implementing 
its technology development programs and, In a broader sense, 
that its role within the technology community may change. For 
this reason, OAST welcomes the opportunity to meet with the 
ASEB Space Station ad hoc Committee and begin a dialogue to 
identify and discuss key issues that OAST should address a3 it 
initializes its planning process to capitalize on the space 
station R&T opportunity. Questions that might stimulate the 
dialogue are: 


• Will the space station R&T opportunity require new planning 
and budgeting strategies? Will it support a single agency 
in-space experiment program? 

• The IOC space station is 8-10 years away — How specific can 
we or should we get in experiment definition recognizing 
that technology is a "moving" target? 

• Is there a "technology" community akin to the space science 
community? Who are its principal members? Can it be 
organized and represented? How can OAST become its leader? 

• What is an appropriate role for OAST in the selection of 
technology experiments to be conducted on the space station? 

— Consultant? 

— Advocate? 

--Broker? 

— Prioritizer? 

NASA commented further that it was specifically interested in the 
panel's views on program content related to operational support 
requirements, kinds of experiments, and, where possible, specific 
experiments. 

The proceedings reported herein cover the panel's meeting at the 
NASA Langley Research Center on May 21-22, 1985. The list of panel 
members and participants is presented on pages v-vi. The panel was 
briefed by NASA, industry, and university representatives; it held a 
general discussion of these briefings; and then, as a group, developed 
a set of simple statements summing up their findings. These activities 
are reported here. Comments are reported without attribution. 
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Briefings 


The graphics used for the briefings are presented in Appendix B. 
The following paragraphs summarize the briefings and include related 
panel comments where pertinent. 


Research and Technology Development Overview — Paul Holloway, NASA 
Langley Research Center The Langley Research Center (LaRC) has the 
responsibility for the development and maintenance of the NASA Space 
Station Mission Data Base. The data base covers: science, applica- 

tions, commercial, and technology development missior elements. It 
also notes the source of the mission data (including foreign country) 
and the project approval status. 

The Offices of Space Station (OSS) and Space Science and Applica- 
tions (OSSA) are further ahead in the process of defining space station 
payloads than is the Office of Aeronautics and Space Technology (OAST). 
This is largely attributed to the fact that OSS and OSSA have an 
infrastructure/constituency in place and OAST does not. 

OAST is concerned about too early an involvement in supporting 
experiment development given changing needs and priorities associated 
with long program development times. For the Shuttle, OAST invested 
in and carried for extended periods of time experiments that were not 
flown because of Shuttle schedule delays and manifest priorities, as 
well as changing needs. OAST wants to avoid this in the space station 
program. 

OSS needs to fix on its general/preliminary space station system 
support requirements by January or February 1986 so that these 
requirements can be factored into the preliminary design of the 
station. Thus, there is a need to define, at a minimum, the types of 
payloads and the range of support requirements (i.e., power, space, 
weight, and services). 

OAST has the responsibility for serving as the representative of 
the technology and technology users community, i.e., universities, 
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industry, and other government agencies. However, outside of NASA's 
OAST field centers, OAST does not have an infrastructure the equivalent 
of that of OSSA. This requires attention as does the question of 
resources to support the development of such an infrastructure. 

OAST believes that a special research and technology development 
(R&T) committee within the structure of the National Research Council's 
Aeronautics and Space Engineering Board (ASEB) would be of special 
value in assisting OAST in identifying program content and helping to 
bridge the gap in the current interfaces with industry, universities, 
the Department of Defense (DOD), and other government agencies. 


R&T Planning Status — James Romero, NASA Headquarters The engineering 
research and technology development program plans identified by OAST 
for the mission data base have provided a gross set of space station 
system accommodation requirements. Most of this input comes from the 
NASA field centers and limited general studies by contractors. 
However, these representative payloads have no official status. They 
are not supported by budgets for the definition and development of 
supporting projects and plans. It is intended that this meeting 
assist in the initiation of a firm program definition and content 
process . 


Space Station Utilization — William P. Raney, NASA Headquarters Space 
station utilization program status and user activities including 
technology development and demonstrations were addressed, as was the 
general space station schedule. 

The Phase B definition effort will be completed by February 1986 to 
be followed by preliminary design. The final design and development 
(Phases C and D) effort is expected to start in late 1986. These 
dates may slip because of budget constraints. The present plan calls 
for space station operations to start in late 1992 or early 1993. 

The mission modeling to date indicates the need for some technology 
module capability in the early space station system. There are 
indications that a bvrong case can be made for a dedicated module in 
the growth space station- 

The mission data base calls for use of the space station itself and 
its operating elements — the orbital maneuvering vehicle and the space 
platforms in compatible and polar orbits. The NASA Johnson Space 
Center (JSC) will manage all of the engineering and systems integration 
effort for the space station. The planned budget of $8 billion is 
holding for the initial operating configuration (IOC). To this, it is 
anticipated that foreign governments will add some $3 billion. At 
this time, it appears that NASA Headquarters will be responsible for 
payload manifesting, in particular where foreign governments are 
involved . 
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The need for and the specifics of dedicated modules are not fully 
resolved. There may be some adjustment in work packages as concept 
work on the station and payloads progresses. However, it is reasonably 
clear that experiments definition and development will be kept separate 
from the module/accommodation definition and development that will be 
assigned to specific NASA centers. (The work package assignments, 
related contractors, and key contractor tasks are presented in Raney's 
charts, Appendix B.) 

There is active foreign interest in the space station program. 
Agreements of participation have been reached on related Phase B 
activity with the Europeans, Canadians, and Japanese. 

The European Space Agency (ESA) will be working on the design of a 
pressurized laboratory module. A question here is whether or not the 
ESA module would replace a U.S. module or represent an additional 
capability. Furthermore, the British are working on a platform for 
polar launch for ESA. At present, the system is too heavy (10,000 
pounds) for the Shuttle. 

The Canadians are interested in extending their work with manipu- 
lators (used on the Shuttle) to include servicing and assembly 
facilities. 

The Japanese are interested in experiment modules. They also appear 
to have a serious interest in deve loping their own space station 
system, including logistics modules and orbital maneuvering vehicles. 

How all of this gets sorted out, including the U.S. concern over 
technology transfer and the high probability of competition later, has 
not been resolved. This is a difficult, complex matter. 

The Phase B request for proposal (RFP) identified projected user 
requirements (RFP, Appendix C-2). Current contractor concept efforts 
will provide a functional users' requirements envelope that will be 
factored into the space station design requirements. These require- 
ments will result in what the users will have on the station and what 
they will need to design their payloads to accommodate, including crew 
requirements. The underlying module philosophy will follow the 
principles of growth and flexibility since facility design requires 
lead time over specific payload definition and design. Skylab 
experience supports the position that users should be viewed as 
tenants, i.e., they should provide their own support requirements and 
not rely on standard, built-in equipment. 

Space station system user requirements have evolved from initial 
ideas, NASA contracted studies in 1982, and a series of workshops. A 
workshop in 1984, which brought in the international community, led to 
setting the functional requirements for the Phase B studies. The 
general trend has been to identify more and more needs. A major 
problem is to convert ideas to real, funded programs. 
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Since Che issuance of the RFP, the Canadians have experienced 
budget problems, as has the ESA group. The ESA group will address 
infrastructures, however, the Individual countries will budget for 
their own payloads. The Japanese have a well-organized and supported 
effort . 

The National Oceanic and Atmospheric Administration is interested 
in establishing an international users group to use polar platforms 
for earth observations. 

U.S. commercial interests have increased but funding support is not 
projected to be very great. 

Within NASA, OAST has increased interest and activity but needs to 
broaden its constituency and convert ideas to real programs. OSSA has 
been examining the program and begun to make adjustments that reflect 
more realistic budget projections. 

DOD has not yet taken specific steps to dialogue with NASA on space 
station system use. However, there is some movement on this matter. 
DOD has indicated that they may be ready for definitive discussions on 
technology experiments in summer 1985. 

The trends in user-stated requirements have been: a decrease in 

interest in co-orbiting platforms (small for both IOC and the growth 
station); a large increase in polar platforms (3 for IOC and 12 for 
the growth station); and a large increase in support from the manned 
elements of the station as in Table 1. 

These high user demands raise several serious problems. Is this 
still a want list, not supported by real program and budget commit- 
ments? The requirements do not reflect possible DOD use. Will 
budgets support both payload development and operations? The earth 
sciences and applications payloads require flight in polar orbits and 
on smaller platforms than those initially conceived for the space 
station system. Europeans and others see a need for subgravity levels 
of 10“6 to 10“H, values not attainable by the inhabited space 
station (10 ” for limited periods). 


TABLE 1 User Stated Requirements 





Growth 


IOC 

station 

Electric power, kW 

123 

375 

User crew, number 

14 

27 

Pressurized volume, 

169 

405 

Payload, dedicated STS launches/year 

14 

12 
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All of this indicates problems in two major areas: the ability to 

accommodate the definition and development of all of these payloads 
and the ability to provide the operational support from workload, 
transportation, and budget considerations. Shuttle limitations from 
payload and logistic considerations are becoming a major concern. 

At this time, about 60 percent of the projected payloads reflects 
science and applications interest; 20 percent, engineering technology 
activity; and the other 20 percent, foreign, commercial, and other 
work. OAST represents about 10 percent of the portion of technology 
effort and requires a significant amount of launch and extra vehicular 
activity. 

This adds up to the fact that, as currently documented, the stated 
requirements for the manned elements of the space station exceed 
support capability as constrained by realistic budgets and support 
capacity. The sum of the integrated requirements are too great to be 
used for design. Thus, the program will not select payloads, preclude 
users, or allocate station resources at this time. 

For design guidance, the program has taken the following actions 
to provide a more realistic assessment of payload support and 
acconmodation requirements: 

• Canada, ESA, Japan — Reduce first 3 years to 80 percent, use 100 
percent thereafter 

• U.S. Commercial, Materials Re lated — Reduce first 3 years to 80 
percent, use 100 percent thereafter. Do not include related 
NASA/OSSA work (assume support needs covered in commercial 
prospects) 

• U.S. Commercial, General — Provide a block allocation in late 1990s 

• OSSA, General Science — Reduce first 3 years to 80 percent and 50 
percent thereafter (because outyear prospects have not been 
examined for program and budget realism) 

• OSSA, Life Science — Reduce to 80 percent all years 

• OAST, Technology Development — Reduce first 4 years to 10 percent 
and 50 percent thereafter (because of apparent lack of funding 
support) 

The last area, OAST Technology Development, is of some concern in 
several respects. The program may well require upward adjustment. It 
does not reflect the technology development requirements of D0D or 
necessarily the full interests of other government agencies, univer- 
sities, or industry. However, it is believed that the space station 
system can accommodate OAST's technology development support 
requirements . 

The source of the budget to support the presently projected OAST 
workload is not evident. In addition, the projected OAST program 
would place heavy requirements on launch support (because of large 
items to be assembled) which adds to the budget question. These 
matters need to be addressed. 
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By using the above assumptions/corrc ction factors, the major manned 
elements of the station can be unloaded as reflected in Table 2. These 
numbers are still large but considered manageable. User requirements 
and issues vrill continue to be worked on to provide a realistic 
capability/support envelope for station design. In the end, payload 
design has to take into account space station capability. All payloads 
will compete for space and services. The selection process has yet to 
be developed. 

In summary: 

• Current user planning does not include DOD. The department will 
want privacy, but it is anticipated that foreign groups will object. 
However, foreign and commercial users will also demand privacy. 

This matter will have to be addressed. 

• OSSA needs to address the outyear work to assure focus and realism. 

• Space station growth has not received sufficient attention; this 
needs work as does related budgets. 

• OAST needs to broaden its representation and address the budget 
issue. OAST, in representing industry, should consider industry 
use of independent research and development funding. Possibly, the 
ASEB could assist in examining and advising on this matter. 


OAST Program Development Strategy — John L. Anderson, NASA Headquarters 
It is OAST's intention to be postured to utilize fully the space 
station for R&T purposes. Fart of the process is to establish an 
effort directed at expanding the in-space R&T base through an 
increased OAST joint venture and collaborative activity with the R&T 
user community. 

The objectives of the program will include: support of discipline 

technologies; verification/validation of predictive methods during 
construction, assembly, and operation of the space station system; 


TABLE 2 Adjusted Requirements 

IOC 

Growth 

station 

Electric power, kW 

80 

375 

Data to ground, MBPS 

14 

135 

Attached payloads, number 

9 

13 

Pressurized volume, 

120 

330 

User crew 

10 

20 

Shuttle dedicated launches, number 

4 

9 
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utilization of the Shuttle and other in-space carriers for precursor 
work; and representing the broad technology user community in planning 
and advocacy for in-space R&T. 

Implementation efforts are preliminary but are starting to serve 
the above goal and objectives. 

OAST has used the Shuttle to extend ground-based RAT. There is a 
real interest in the promise of the space station system for extending 
the R&T base for work that is difficult or impossible to accomplish 
on-the-ground or in limited-duration space flight. 

To help identify technology areas of future interest, a mission 
matrix was developed. This space-operations time matrix (through the 
year 2010) for different types of activity (transportation, spacecraft, 
and large space systems) was constructed to show types of future 
systems /missions , not specific missions, of interest. Transportation 
systems include unmanned and advanced manned transporters that could 
go to the moon. Spacecraft includes advanced platforms suitable for 
earth observations and others suitable for flights to the outer 
planets. Large space systems include antennas and reflector structures 
and structures for lunar, and later planetary, bases. Potential 
military interests are not reflected in the matrix. 

OAST's Shuttle-based R&T reflects primarily in-house activity and 
interests. There has been some DOD involvement (experiments on the 
LDEF, long-duration exposure facility), but relatively little industry 
involvement in the program other than as hardware contractors. It is 
recognized that more direct industry and university involvement in the 
definition, development, and operation of experiments is desirable and 
would be beneficial. A practical problem is funding to stimulate and 
support such involvement. 

It is OAST's position that in the near term it needs to: provide 

R&T requirements to support space station design; characterize space 
station R&T options; identify /advocate precursor in-space R&T; and, in 
the process, begin to exercise effectively a role of integrating 
constituency requirements for in-space R&T. 

The OSS data base for engineering R&T missions has been under 
definition for some 2 1/2 years. However, most of the payloads 
identified come from an early list of potential technology experiments 
used to scope space station support requirements. Thus, the list does 
not provide appropriate time lines, priorities, and cluster 
requirements. Program voids are being identified and filled. Many of 
these, as might be expected, are interdisciplinary. The whole data 
base needs to be, and is being, reexamined for appropriateness in view 
of projected missions. 

OAST has selected the following preliminary research clusters to 
focus its in-space R&T effort and provide the framework for its FY 1987 
program and budget: 


• large flexible structures 

• automation and robotics 

• contamination and environment effects 

• fluid behavior and management 

This planning process is just getting under way; this list is not 
necessarily complete. 

OAST plans to refine its in-space R&T concepts and develop an 
envelope of experimental support, related in-space service, and 
facility requirements. These data will be used to refine the 
programmatic clusters and themes. However, serious questions 
regarding the program need to be resolved, i.e., identification of 
technology requirements, technical program content, and program 
budgets. 

It was observed that these activities should involve a constituency 
other than NASA R&T center people, actions to gain appropriate 
funding, and precursor work plans. It was also noted that this 
planning process needs to be sustained to help build an active 
constituency. 

The present in-space R&T program plan for FY 1987 (proposed as an 
augmentation to the FY 1986 budget) envisions and encompasses: 

• Space structures/control — analytical studies, precursor work on the 
Shuttle, and use of the space station itself as a 

structures/controls R&T model as well as a base for independent R&T 

• Contamination /environment — use of the Shuttle as a test base and 
continued activity with and on the space station 

• Automation and robotics — use of Shuttle as a test facility with 
progressive ncreases in ability to handle complex experiments 
(i.e., two-arm teleoperations, robots and free-flying multiple 
robots with common work objective) 

The end objective here is to provide a facility capability (space 
station) for potential investigators. A question is left open: 

Will NASA/OAST provide operational support for others to use such a 
facility as it does for wind tunnel R&T? 

Another area of special interest is technology development that will 
allow autonomous operation of space systems, decreasing the level of 
ground support. Planning for this activity is just getting under way. 

On' area of particular technical responsibility should be 
characterization of the onboard and external environments associated 
with space station system operation and development of technologies 
for limiting the environmental effects. 

The theme concept is being pursued by OAST as a means for orga- 
nizing, budgeting, and selling the in-space engineering R&T program. 
This kind of presentation may be important for outside exposure, but it 
is the substance of the program (behind the themes) that is of funda- 
mental importance. NASA also has a responsibility for identifying and 
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integrating the needs and structuring and representing the program and 
supporting budgets including, of course, the related NASA budget to 
stimulate and support the activity. 

OAST is preparing a draft in-space R&T program development plan. 

It will be available for review in early FY 1986. This will evolve 
from current exploratory (field center) studies to define space 
station R&T thrusts and OAST's integration of the data. 

OAST sees the programmatic issues as being: 

• R&T needs and related operational requirements 

• critical are’s with the greatest leverage from in-space R&T 

• criteria for evaluating and prioritizing in-space R&T 

• R&T support that should be built into the space station 

General commentary reflected the following: 

• NASA recognizes the major elements and kinds of actions needed for 
program definition, development, and implementation. 

• There is a need for a more definitive set of broad and specific 
objectives for the in-space engineering R&T program. 

• What is addressed currently represents more of a budget than a 
program definition and support strategy. 

• OAST needs to broaden the R&T input base reflecting customer /user 
interests and inputs and to build the related constituency for 
program structuring and support. 

• It is recognized that the above may well require budget adjustments 
for program definition and support, but this is an integral part of 
the planning. 


LaRC Space Station Organization — W. Ray Hook, NASA LaRC The LaRC 
Space Station Office (three divis ions--Evolutionary Definition (ED), 
Systems Engineering and Integration (SE), and Technology ( T ) J has been 
assigned the following support roles: 

• definition of the evolutionary (growth) space station (Phase A and 
B studies) including mission growth (ED) 

• support the JSC, Level B, Systems Engineering and Integration 
Office (SE) 

• technology transfer to Level C activities and mission model 
development support (T) 

Specifically, the Technology Office is responsible for interfacing 
with the Level C centers and contractors and for these technology 
activiites : 

• develop, coordinate, and manage technology tasks and budget for 
Level B activity 

• develop the data base 

• represent all users 

• develop and maintain an outreach program 
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• help assure space station accommodation of users 

• involve customers (users) in program 

The LaRC Space Station Office is developing an interface with NASA's 
Commercialization Office and its industry activity. 


Space Station Technology Utilization Activity — Richard A, Russell, 

NASA LaRC The identification of technology payloads for the space 
station has been an iterative process (as was noted earlier). The 
process made use of in-house and contractor inputs and provided the 
input to the mission modeling and space station ■'.ccommodation analyses 
reviewed by Dr. Raney. Table 3 summarizes this activity. 

It is important to note that the missions developed in this process 
do not necessarily have NASA program office endorsement or support. 

The areas of interest include work related to materials and structures, 
energy conversion, propulsion, controls, human factors, and systems 


TABLE 3 Space Station Payload Activity 
July 1982 - May 1983 

• NASA field center and industry survey 

• Seventy-eight experiments identified and grouped into 31 
technology development missions (TDMs) 

• TDM prioritization and time-phasing 

• Preliminary definition of functional requirements 

• Compilation into preliminary data base 

May 2-b, 1983 — Mission Synthesis Workshop I, Langley Research Center 

• Mission requirements updating 

March 5-8, 1984 — Mission Synthesis Workshop II, Hampton, Virginia 

• Mission requirements updating of 21 of 31 TDMs 
August 1984 

• Individual experiments made TDMs to aid requirements validation 
activity 

September 24 - October 4, 1984 — Mission Syntnesis Workshop III, 

Woods Hole, Massachusetts 

• Mission requirements updating of 53 of 69 TDMs using a revised 
data base format 

• Inclusion of international missions 
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operations. (Twenty-seven specific missions w«ere identified for the 
panel as being of current interest.) Ten specific experiment* are 
considered IOC priority items and are being reviewed by the JoC space 
station program office. These experiments are (the Indicates a 
potential mission driver): 

— spacecraft material performance 

— flight dynamics identification 

• advanced radiator concepts 

• solar thermodynamic power test facility 
long-term cryogenic fluid storage 

— advanced adaptive control 

• active optics technology 

— microelectronics data system 

• advanced automation technology 

• orbital transfer vehicle technology 

In addition, an effort is under way to assure that the space station 
will provide data to validate analyses. The disciplines of interest 
are structures, controls, structural dynamics, deployment and 
assembly, and operations. Some human factors, related to assembly, 
are being addressed but not the full subject. 

Thi3 space effort is being reviewed with the Level C centers. 
Current Level C plans restrict Instrumentation to that required to 
qualify the system and are covered in budget plans only through the 
first year of operation. It is proposed by space station program 
people that the fuller set of instrumentation be deferred until the 
station is essentially in its all-up IOC configuration (until about 
flight number 7). This matter needs to be resolved. 

The present R&T program planning does not appear to reflect 
adequately work on human factors, 1 if e-suppo’ r t systems, power 
generation, or basic fluid physics and chemistry > It was also noted 
that the current experiment data base does not fully reflect R&T 
activity needed to advance automation and robotics. 

The Space Station Office has programmed the following funds for 
space station system utilization: FY 1985, $9.8 million; FY 1986, 

$13.9 million; and FY 1987, $25 million. One-half of the funds are 
allocated to user integration and operations. The technology 
development program is funded at $1.5 million, $1.4 million, and $1.8 
million, respectively. General user requirements (space sciences and 
applications and commercial accommodations) equally share the rect of 
the funds. Thus, OAST and OSSA will be required to support their own 
programs . 

To help develop a realistic technology data base in FY 1985, OAST 
has initiated an in-house experiment requirement review. This is 
supported by special OSS-funded studies at Bat^elle and University 
Sp.. ce Research Associates (USRA). NASA is also planning a series of 
industry visits to stimulate Industry involvement. 
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The in-house review consists of a reexamination of the existing 
data base developed in the December 1984 LaRC workshop. The wor'.shop 
identified payloads that should be flown prior to the space station 
(one-third), payloads that should be flown on the IOC plus 2 years 
(one-third), and payloads that should be flown on the growth scation 
(one-third). The reexamination involves reevaluation, prioritization, 
and time-phasing. It also involves identification of voids and new 
experiments. These data should be available by this summer. 

The Battelle study, a 6-month, $135,000 effort, is directed at 
identifying R&T facility requirements. It should be completed by 
mid-summer and provide: an assessment of the R&T data base, space 

technology objectives, definition cf an R&T pressurized facility and 
experiments (some 51), and a time-phased plan for the experiments. 

The USRA study, a 9 -month, $75,000 effort, should result in & 
report by late fall. It is directed at forming a user group of 
government, industry, and universities. The activity will encompass 
an independent review of the existing data base, identification of 
gaps and new experiments, and a workshop that can be considered the 
initiation of a user working group. 

The industry visits are unaer way and should be completed by this 
summer. Discussions have been directed at program planning and the 
use of company independent research and development funds. Thus far, 
industry interest and response has been very supportive. Plans fcr 
specific involvement are still to oe developed. It i6 proposed to 
check with DOD to see if current program planning serves DOD R&T 
interests. The DOD's Strategic Defense Initiative group is sponsoring 
a university/industry meeting in June in Orlando, Florida to discuss 
R&T needs. LaRC will attend and review NASA's space station R&T data 
base and plans. 

All of this activity is directed to providing input to a workshop 
scheduled to be held in August 1985. The workshop should produce o 
realistic technology data base for OAST review and action. 

The program plan for FY 1986 includes new experiment accommodation 
studies, high-priority experiment accommodation studies, and on update 
of the time-phased mission model. 

The new experiments examination (about 10 experiments) should be 
completed by early summer 1986. The NASA centers will direct this 
effort, which is funded at $500,000. 

The high-priority, experiment accommodation, mission driver studies 
(6 to 8 experiments) will be supported by selected centers and funded 
at $400,000. This work is scheduled for completion by January 1986. 

The mission model development will result in clustering and 
time-phasing the experiments and their functional support requirements. 
These data will be used to define the R&T facility accommodation 
requirements. There is an open question regarding the adequacy of 
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this level of analysis as the basis for dedicating a module to 
engineering R&T. Planned programs and real, approved, and funded 
programs are two different things in the view of space station program 
managers. To help in this regard, the LaRC R&T program people recom- 
mend that a technology user committee be formed, possibly patterned 
after the space station space science committee chaired for OSSA by 
Peter Banks of Stanford University. It is believed that this could 
help form a constituency and enhance program credibility and funding 
from within and outside NASA. 


Industrial Considerations — Stanley I. Weiss, Lockheed Missiles and 
Space Company Discussion of the subject of industrial utilization of 
the space station system for engineering R&T with interested and 
involved colleagues at Lockheed did not result in thoughts much 
different from those reflected in earlier studies by the ASEB and NASA 
and some recent Lockheed/Arthur D. Little work. The following matters 
do, however, warrant comment and attention: 

• expansion of general engineering knowledge 

• application of the space environment for space sciences and for 
terrestrial uses and process modeling 

• fundamental data bases 

• laboratory data 

• proi. ' of concepts 

• space processes and manufacturing 

• space station support facility 

• incentives for industry 

• limits to today's planning 

In summary, these observations were made: 

• General knowledge of the operating environment is important to allow 
predictable design and performance of systems, components, and 
payloads . 

• Space applications technology relating to and dealing with material 
processing is important. 

• Understanding of the influences of gravity on processes is 
important, i.e., physical, metallurgical, and chemical. Fundamental 
data bases are needed. Space use as well as ground-based use of 
these data for terrestrial processes through a better understanding 
of fundamental phenomena are drivers. It should be possible to get 
industry support for thi3 activity. (The Aerospace Industry 
Association of America is pursuing the issue of joint ventures for 
R&T and considering functioning as an operating entity for such 
ventures . ) 

• The types of activity and data of interest to industry are 
laboratory-type work related to proofs of concept, terrestrial 
process modeling, and space processing and manufacturing. 

• It is not certain that all potential users have a clear picture of 
criteria for what is reasonable to do in space (versus ground-based 
techniques) for commercial developments, e.g. , high added value, 
low weight, significantly high levels of productivity. 
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• To use space effectively and efficiently, the experience base and 
equipments need to be enhanced. The ability to segregate 
parameters and repeat work, similar to what is done in ground-based 
laboratories, is essential. General infrastructures/capabilities 
that facilitate broad use need to be identified and built. 

• User incentives could help expand the user group and activity. 

These services should be considered: free technical advice and 

support, centers for commercialization, and low-cost facility 
rental/leasing. 

• At present, limited plans are the result, in part, of limited 
experience with space, especially for new entrants to the field. 

• Actions need to be taken to influence education. This is important 
since the next 10 years will produce the new space users and 
workers. This increases the importance and need for fundamental 
data bases. These data bases should include such factors as the 
influence of impurities and plasticity on fundamental phenomena and 
processes and the impact of space operations on crew behavior, 
functioning, and accommodation. 


Potential Industrial Uses — Earl G. Cole, Rockwell International 
Addressed were research applications, technology developments, service 
cost, and example missions. 

With regard to research and technology, it is believed that most 
company investments will be small, on the order of $0.5 million to $2 
million, and will focus on experiments that must be conducted in space 
Some examples of small projects that can and will be funded out of 
company independent research and development (IRD) funds relate to 
special glasses, crystals and materials, flow phenomena in 
three-dimensional heat pipes, and small sensor systems. Rockwell has 
not found anything worth pursuing from pilot production considerations 
An area of obvious future interest is technology development and 
operational demonstrations of components/systems for next generation 
space missions. 

Rockwell has developed a small fluid-experiments apparatus (FEA), 
an applied research tool, for basic work requiring a free-float zone. 
Crew support is required to change experiments. (This is the class of 
equipment that could support some of the basic R&T issues addressed by 
Weiss. ) 

The most promising in-space R&T activity for the longe* term 
appears to be that related to future space missions (e.g., lunar 
colonies and Mars missions) that will involve long-term, isolated 
operations that dictate the need for long-life systems and include the 
production of food. 

Other obvious technology development areas of interest include the 
space station itself, other large structural assemblies, and large 
antennas and collectors/concentrators. 
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A major question confronting the user Is the cost of In-space R&T. 
Private capitalization decisions depend directly on projected 
cost/benefit assessments. What will it cost to fly on the space 
station? What economic benefits will accrue? When? 

NASA needs to identify at least the range of probable costs at an 
early date to assist in identifying and building its constituency. 

This should be done prior to Phase C/D. The cost should be identified 
in sufficient detail to allow a realistic assessment of probable costs 
for internal vehicular activity, external vehicular activity, power, 
orbital maneuvering vehicles, facility residence time and location 
(pressurized laboratory, attached platforms), and for other services 
such as preparation and transport to and from the station. There may 
well be a spectrum of costs for various types and classes of payloads. 
Of course, politics and competition will influence pricing structure. 

Rockwell has developed a strawman approach to costing so that 
individual users can determine their investment posture (see attached 
charts for Cole, Appendix B). The estimated costs for transportation 
and services for a small, FEA class, 90-day experiment is approximately 
$2 million; for a large antenna experiment, some $20 million. The 
costs of the payloads themselves have to be added to these support 
costs . 

It is estimated that the company's small experiments will represent 
a $20 million program in the 1995-1999 time frame — a factor of 10 in 
growth from the 1980-1984 period. It is generally concluded that 
industry has viable applications, that the market for the space 
station system services will grow, and that service costs (which 
should be identified early) will have a strong influence on user 
demand. 


The University Role — Laurence R. Young, Massachusetts Institute of 
Technology There has been an increase in sensitivity to the need to 
emphasize the astronautics part of aerospace in the educational 
system. The Massachusetts Institute of Technology (MIT) and other 
universities have addresseed this matter. R. F. Brodsky, in a white 
paper titled "The Establishment of a New Accredited Undergraduate 
Curriculum in Astronautical Engineering" for the American Institute of 
Aeronautics and Astronautics' Space Systems Technical Committee, has 
examined the issue and proposed a course of corrective action directed 
at upgrading astronautical education and certification of astronautical 
programs. 

At MIT and other schools, the tendency has been to teach the 
"getting into and back from" aspects of space with little attention to 
what can be done and how it can be done in space. Little attention 
has been given to gravity-related phenomena. For the most part, 
people involved in space activity tend to be educated on the job and 
not at the university. The fact that the employers — government and 
industry — have not voiced concern over this situation is an anomaly. 
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It was noted that the Applied Physics Laboratory has focused Its 
space-oriented graduate training into discipline, rather than system, 
areas. It has found this more effective since the laboratory needs 
discipline specialists, not system engineers. 

The universities, in addition to education, play a unique role in 
research. They can be innovative and can undertake work of high risk 
> requiring intensive intellectual attention, and they generally do not 

require large facilities. 

In most aerospace engineering programs, space is an addendum to 
aeronautics, not an equal partner. One problem has been the content, 
scope, and availability of appropriate course work at both the 
undergraduate and graduate levels. Another problem is the lack of 
appropriate faculty. 

It is believed that NASA can help the universities resolve these 
matters through support of predoctoral programs that include, 
integrally, the development of curriculum material that can become 
instructional material. This could be realized through the establish- 
ment of a 1-year prestigious NASA space engineering fellowship 
(teaching assistant) program specifically for: space engineering 

course curricula and the definition and development of lecture notes 
for the teaching of new space engineering courses. As part of the 
fellowship program, spending one summer at a NASA center engaged in 
research using unique facilities would be encouraged or required to 
gain experience. 

To encourage students and faculty to enter such a program, 
consideration could be given to: 

• offering forgiveable loans (say for 2 years) to encourage staying 
in the space field 

• providing for the teaching of 2-week summer courses after the 
2-year program to disseminate the new material developed in the 
program and to attract students to the space field 

• providing funds for faculty to develop new space engineering course 
notes for space engineering curriculum development 

It was estimated that it would take about $20,000 per student 
(possibly up to $3 million per year for 10 institutions) for such a 
program to have an impact. 

It was noted that NASA currently supports a graduate student 
program, which is described in the pamphlet "Graduate Student 
Researchers Program, 1985” by the NASA Office of External Relations in 
Washington, D.C. The program is directed at increasing the number of 
"trained scientists and engineers in . . . space technology to meet 
the continuing needs of the national aerospace effort." The program 
supports about 80 graduate students in thesis research on NASA- 
identified work related to NASA programs. These graduate students 
have access to unique NASA equipment and facilities and can inteiact 
with NASA research personnel. 
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The panel was in general agreement with the summary recommendation 
of the presentation: 

• NASA Is encouraged to establish a university predoctoral 
traineeship program in space engineering with emphasis on 
curriculum and teaching material development. As part of the 
program, ties to NASA centers should be encouraged. 
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Discussion 


This chapter reflects individual comments, not necessarily the 
consensus, from the discussion at the meeting. The short statements 
are organized, without attribution, according to planning and 
budgeting, technical content, and the role of the Office of Aeronautics 
and Space Technology (OAST). 


PLANNING AND BUDGETING 

The statements that follow relate to program formulation, planning, 
and the development of related budget estimates for program 
implementation . 

• The statements of objectives, strategy, and issues for the in-space 
engineering research and technology development (R&T) program do 
not reflect simply and clearly the thrust, approach to program 
definition, and issues. 

• The OAST objective, "To establish a program leading to broad 
utilization of the space station . . .," does not draw attention to 
the fact that the program is directed at building the technical 
capability to utilize space more fully for scientific and applied 
purposes. "Utilization of the space station" is just part of the 
means . 

Part of the strategy for accomplishing the objective of building 
technical capability is to involve others (universities, industry, 
and other government agencies) in the process of identifying and 
implementing programs. 

Other points that NASA should factor into a statement of 
background, objectives, and strategy are the following: 

— Advances in space engineering technology development will be 
required over an extended period of time. 

— In-space R&T is an integral/required part of the program. 

— NASA will have the capability and be in a unique position to 
establish facilities in space to help the nation capitalize on 
this capability. 
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— NASA/OAST has a responsibility and a charter to provide the 
required leadership to develop the facilities and technology 
program.* 

• The original data base is being reworked and plans are in process 
to involve the space engineering R&T community more heavily in the 
idea-generating and review process. The basis for the plan appears 
to be things that could be done not things that need to be done. 
Thus, it is not clear that this program development process will be 
successful without starting with realistic, probable missions and 
related technology questions and issues that need to be resolved. 

• The in-house and contracted R&T study effort does not build needed 
constituency and advocacy nor broaden the idea data base. It does 
not address the critical problem of funding. (On this latter 
point, program costs were not addressed in the NASA presentations, 
only near-term study budgets.) 

• Industry should be stimulated to invest its independent research 
and development (IR&D) funds In in-space R&T through independent, 
joint, and/or integrated programs within industry and/or with NASA. 

Programs should consider ground-based and Shuttle flight work, 
not just use of the space station. NASA funding (seed money) and 
aggressive X&T program support would be keys to such stimulation.** 

• NASA seed money will be followed by IR&D funds and further industry 
investment. Thus, it is important for NASA to act as a catalyst. 
The same is true for the universities. 

• It is not apparent that NASA has fully exploited the opportunities 
to use space to accelerate technology development. It is not clear 
if this is a mind-set, flight opportunity, and/or funding 
constraint problem. 

• OAST's small budget is a matter of concern. It may be appropriate 
for generic ground-based and limited space flight work but does not 
appear to be adequate for this new thrust. Requirements need to be 
identified and a strategy and approach developed to gain a more 
appropriate budget posture for the full spectrum of activity, 
including in-space research and technology development. 


*Related material provided by D. P. Hearth, Appendix C: (a) Briefing 

charts from NASA study of "NASA's Support of the Space Industry (and 
DOD)," February 24, 1984; (b) James M. Beggs , NASA Administrator, 
letter to NASA R&T management, April 3, 1984; and (c) "Study of U.S. 
Industry Use of NASA In-Space Facilities for Technology Experiments," 
December 1984. 

** Related commentary: "A Current Perspective on Space 

Commercialization," Aerospace Industries Association of America, 

Inc. , April 1985. 
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• A matter related to payload definition and development Is in-space 
facility definition and outfitting and the development of related 
program staff to support the effort. 

• The definition and development of a funded program (with inputs 
from the user community, universities, and NASA) is key to 
competing with other users of in-space facilities and flight time. 

• In aeronautics, NASA brings unique R&T capability to the table. In 
space, there Is an opportunity to develop and provide a similar 
unique capability. This needs to be approached boldly, using the 
constituency to help define future program and support needs that 
include schedules and resources. 

• At present, OAST's space R&T effort is supported by a budget of 
about $145 million. About 40 to 50 percent Is allocated for direct 
charges; about 30 percent goes primarily for contracted support of 
NASA programs. A small amount goes to universities; again much of 
it is focused on direct support of NASA activity. Thought should 
be given to providing more opportunities for new research and 
technology developments. 

• Regarding education, there is a need to involve more students in 
real programs. This should be mere fully addressed by NASA and 
industry with the universities. 


TECHNICAL CONTENT 

The statements that follow relate to the technical aspects of the 

program. 

• The materials presented dealt with the subject of the meeting at a 
high level. There was little technical substance, so it was not 
possible to comment on and assess technical content. 

• Eecause the themes identified by OAST are not complete in program 
coverage nor in the detail, it is not possible to judge relative 
priorities. 

• There is a need to go to the technology user community to identify 
and become sensitized to considerations and constraints that affect 
the use of space for research, technology development, and commer- 
cial applications, i.e., low-costs, high technical confidence, high 
productivity, and unique products. User involvement Is needed to 
help ensure program breadth and utility and to provide constituency 
and advocacy. 

• It does not appear that in-space flight for R&T has been fully 
recognized as a needed part of the R&T program. This may be a 
mind-set problem affecting R&T priorities In OAST and the NASA field 
centers. Although OAST has a flight projects group, a separate 
activity may be required to pursue the building of this program. 
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• Projected large projects do not reflect an attempt to extract the 
technical Issues and tailor the ground and space flight activity to 
resolve them without going to large experiments that are expensive 
in time and resources. 

• Constituency, as well as funding, is an important ingredient for 
the establishment of a sound, useful space engineering research and 
technology development program. NASA management needs to act on 
both constituent and technology program development. 

• A relationship that needs to be changed: the space industry looks 

to NASA as a source of funds, not technology; NASA looks at 
industry as a contractor, not as a user of technology. 

• OAST's objective should be to identify technology issues regarding 
space utilization and to help define, develop, and implement R&T 
programs (ground and flight) to resolve the issues and develop the 
technology data base. Some related issues are the following: 

— lack of an effective outside constituency and related support 

— slow definition and development of the program 

— lack of an adequate budget to support appropriate engineering 
R&T activity 

Actions that can be taken (and may be under way) are the following: 

— more fulJy using space flight opportunities for R&T 

— start up a competitive "program opportunity notice" activity to 
stimulate universities and industry 

— develop outside principal investigator teams and consider peer 
review for selection of projects, including NASA projected 
activity 

— fund activity through the discipline groups at the centers to 
build relationships between the NASA staff and principal 
investigators 

— collect research and technology data on the space station 
system during assembly and growth (this should be given high 
priority) 

take positive steps to identify and implement a space 
engineering research and technology development program plan 

— follow through on the idea of forming an analog of the space 
station committee of the Office of Space Science and 
Applications (OSSA) to assist in the definition, review, and 
development of OAST's program, a continuing process. The 
program should cover the engineering technology requirements of 
the science and applications programs. 

include work on longer term missions, beyond the initial and 
growth space station system 

— pursue both fundamental and applied R&T 


ROLE OF OAST 

The following comments relate to the role OAST should have in the 
definition, development, and implementation of in-space engineering 
R&T. 


25 


• The nation is in the process of building a space facility for 
nationalistic reasons. The space science and applications communi- 
ties are providing their requirements to the system designers 
through the use of a network of constituents developed over a 
period of some 25 years. A space engineering constituency network 
has not evolved or been organized and used to generate and support 
engineering technology needs. This should be done. 

• It is a fact that, in most instances, technology development 
activity is promulgated and supported within projects and not by 
OAST. The question is whether or not this is the appropriate way 
to develop technology, i.e., tie technology development close to 
the need, user, and project. This appears to be the high-risk, 
expensive way to support projects and leads to conservative 
technology development and application. This has been a 
long-standing problem and issue that should be addressed again. 

• Most of the principal investigators are NASA employees. NASA is 
interested in expanding its principal investigator base and, 
through this, the content of the program. 

An idea NASA could consider to help expand the principal investi- 
gator base is to make use of NASA's announcements of opportunities 
for competitive space R&T work. 

The program could start at about the $10 million level split 
evenly between universities and industry. Initially, this effort 
would support small experiments under the management of NASA center 
discipline groups. Future work could be expected to grow in 
complexity, size, and funding. 

To give the effort a quick start and show OAST's serious 
intention, the initial funding should come from the current budget. 

• The theme idea is a way to consolidate and display the projected 
program. The themes are not comprehensive enough to reflect 
important technology content. Significant missing themes, at 
present, are electric power systems and crew-related factors. 

There may be others. 

In building the themes, OAST should be careful not to confuse 
budget packaging with technical program development. 

• R&T studies to date do not appear to support the need for a 
dedicated facility (module) for the initial space station. Another 
observation is that the R&T program base needs to be broadened to 
provide better insight to future engineering R&T needs and user 
interests. A dedicated in-space R&T laboratory could be expected 
to evolve and become part of the growth station. OAST needs to 
move expeditiously to develop an in-space R&T program. 

• The panel discussed the material contained in Appendix D, related 
to an OSSA task force on scientific uses of the space station, in 
considering OAST's request to form a committee of the Aeronautics 
and Space Engineering Board (ASEB) to serve OAST on the subject of 
in-spe.e R&T. It was concluded that: 


The OSSA task force has a constituency and credibility from 
past related activity. 

The task force charter could be adapted for OAST. 

The panel supports the concept of a committee for in-space 
engineering research and technology development, but it 
believes the issue of ASEB involvement should be taken up 
directly with the ASEB and that OAS'V should develop a statement 
of objectives to focus deliberation. 
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Summary Observations 


Following the presentations and general discussion, the panel 
developed its observations. These observations are presented in this 
chapter in the form of simple summaries addressing premises, 
objectives, issues, and strategies. Also presented in this chapter 
an responses to the Office of Aeronautics and Space Technology's 
(OAST's) questions to the panel. 


PREMISES 

• Advances in technology will continue to be required for more 
effective operations in and for the use of space. 

• Space technology research and development requires experiments 
conducted in space. 

• NASA has the national responsibility for conducting and stimulating 
space technology research and development and for providing support 
in space for such activity. 

• NASA has and will have unique national facilities for space 
technology experiments. 

• OAST should provide leadership for the definition and development 
of required experiments to support the engineering technology needs 
of the user industry, other government agencies, and universities, 
as well as its own laboratories for all in-space engineering RAT. 

OBJECTIVES 

• Expand the engineering RAT data base to enhance the operations in 
and utilization of space. 

• Define, develop, and implement appropriate space engineering and 
technology development programs, and, as required, develop 
facilities for in-space engineering RAT . 


27 


28 


ISSUES 

• There is a lack of an outside engineering R&T users constituency 
comprised of universities, industry, and other government agencies. 

• Current NASA culture does not appear to recognize fully the value 
of in-space R&T development. (This is reflected In the lack of R&T 
use of current flight hardware.) 

• The funds for in-space R&T program development and implementation 
are Inadequate. 

STRATEGIES 
Immediate Activity 

• Allocate $10 million per year, starting in FY 1986, from the OAST 
space budget (growing as appropriate in later years) to develop a 
network of academic, industry, and other government agency principal 
investigators for in-space engineering R&T activity. The $10 
million should be equally divided between academia (fully funded) 
and industry (matching funds). Academia funding should be a 
minimum of about $100,000 per task. 

• Include development of space engineering curriculum and related 
teaching materials in the university program effort. 

• Establish a competitive process using peer review procedures to 
select candidate experiments. 

• Distribute funds to principal investigators through discipline 
organizations in the NASA/OAST field center discipline offices. 

• Act on the NASA management directive to define and implement a 
program. Include development and use of a constituency. 

• Include in the program the collection of research quality data on 
the space station during assembly and initial operation. Make 
timely use of the outside community. Give the program Ugh 
priority. 

• Act on the establishment of an analog of the OSSA's space station 
space sciences committee. The OAST committee would be established 
to review and advise on program planning and implementation and to 
examine progress periodically against plans. 

Future Activity 

• OAST needs to continue its effort with user groups to determine the 
scope and the nature of future ln-space facilities required to 
support the kinds of engineering R&T anticipated. The specifics- 
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tlons, like those for a wind tunnel, need only address projected 
general accommodations and support needs. It should be assumed 
that special R&T services will be provided by the ustrs. 

• OAST, in concert with the NASA research centers and outside groups, 
should develop a long-range plan for in-space technology flight 
experiments. 

• Future plans should Include attention to fundamental as well as 
applied engineering research. 

• Flight opportunities for engineering research data should be 
continually studied, evaluated, and implemented by OAST and Its 
constituency and results published. 

• Space flight experiments should be obtained competitively from the 
principal Investigator community (universities, industry, and other 
government agencies as well as from NASA centers). 


RESPONSES TO OAST'S QUESTIONS 

In amplifying the panel's task statement, OAST asked the following 
questions : 

• Are new planning and budgeting strategies required? 

• Will (should) a single agency support the in-space R&T program? 

• How specific should the R&T definition work be? The space stat on 
operational flight is some 8 to 10 years away. 

• Is there a technology community akin to the "science community"? 

How can OAST organize and represent ..his community? 

• What is OAST's role in the selection and conduct of R&T in the 
space station system? 

• What specific and general comments are there regarding the present 
technical content of the program? 

These questions were not addressed directly by the panel at the 
meeting. However, the panel's observations and comments provide the 
basis for the following responses that have been reviewed individually 
be the members of the panel. 

New planning and budgeting strategies are required. The planning 
needs to involve the user community (industry, government, and 
universities) more actively as well as the NASA centers. An integral 
part of this planning involves the development of the appropriate 
infrastructure of users for payload and budget definition. The plans 
need to identify budgets, sources, and che actions required to gain 
budget support. The planning needs to cover current approved program 
needs, high probability extensions, and new starts as well as new 
unassociated ideas and concepts. 

An in-space R&T program developed and managed 'jy a single agenc y 
(not including facilities) is not believed to be appropriate. A 
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single agency cannot serve, nor would it be supported by, the civil 
and defense interests of the nation. The idea of a single operating 
and support agency (much like NASA for unique aeronautics R&T 
facilities) does have merit. It is believed that an activity that 
centralized facility planning and development and provided 
consultation and support to the user community would be supported by 
program constituents. 

Whether the Space Station Office or OAST "under contract" to the 
Space Station Office carries this responsibility is an issue. 

The degree of specificity of support for R&T activity, including 
time phasing cannot be generalized. Specificity, of course, is a 
function of the particular R&T program and its complexity, including 
precursor analytical, ground-based, and flight work to prepare for 
space station flight. It is clear that major investments in precursor 
work and space station flight hardware should not be made unless there 
is assurance of a position on the payload/operations manifest. Each 
situation will have to be judged on its own merits and levels of 
uncertainty. 

The technology community akin to the science and applications 
community can be organized and represented by OAST. The technology 
community consists of space users and R&T contributors, i.e., 
industry, universities, other government agencies, and the NASA 
centers. Through individual dialogue, in-house and contracted 
studies, and joint planning efforts, OAST can and should serve the 
role of integrating and developing representative plans and programs. 
These can be reviewed and critiqued by a group of reasonably 
high-level representatives from the constituent groups constituted for 
this purpose. The results of these reviews would be used by the 
constituents to guide the development of their programs. OAST could 
use these data to guide its own R&T program and to define and develop 
appropriate national facilities, including the space station, to 
support projected needs. 

OAST's role i n the selection and conduct of R&T in the space 
station should parallel that of work in aeronautical facilities. 
Approval and support (including financial) should be a function of the 
importance of the proposed work and public availability of the data. 

If the proposed work is proprietary or for DOD, it should be treated 
as is related aeronautical work where merit, available time, payment, 
DOD request, and data availability are some of the factors considered 
in selection and support. 

Program technical content cannot be judged because of the limited 
detail present. to the panel. In general, the right kinds of things 
are being proposed, but examining the themes indicates they are not 
complete. In the case of very large systems, there is some concern 
that possibly too little thought has been given to identifying key 
technology issues and to looking for simple ways to resolve the issues 
without going to large complex structural and system test articles. 
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Closing Comments 


Although NASA has been examining engineering technology missions 
for space stations through in-house and contracted studies and 
workshops that included industry and foreign inputs, a firm funded 
program has not evolved. This is due, in part, to the fact that the 
thrust of this effort has been directed at scoping onboard space 
station engineering research and technology (R&T) accommodation 
requirements and not necessarily at defining a definitive in-space R&T 
program. 

These requirements are being integrated with the projected 
requirements of other users (commercial, space sciences and 
applications, foreign governments, and potentially DOD) and used by 
the space station program office to develop preliminary R&T support 
specification for the initial and growth space station. 

At this point, the Office of Space Station (OSS) has assigned a low 
rating to the probability that the Office of Aeronautics and Space 
Technology (OAST) and the constituency represented in the planning 
will be able to fund the projected space engineering research and 
technology development program. Although OSS notes that the system 
requirements identified by other users cover the OAST R&T so that most 
of the missions identified could be accommodated, of concern is the 
fact that there is little confidence that the program will be funded 
and produce payloads. It is of paramount importance that a meaningful 
R&T program be identified and supported. The work on the Shuttle 
represents a start that should be built on. The space station itself 
is part of the next set of R&T targets. 

In past space flight developments, relatively little attention was 
paid to the spacecraft at' a research and technology development 
subject. The space station system represents too great an R&T 
opportunity for all technology disciplines to allow it to slip away, 
as has happened in other space flight developments. The space station 
system should be treated as a research airplane. Design issues, 
instrumentation, and test protocol should be identified and integrated 
into the design, development, and early operational activity. Now 
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will be the least expensive and most effective time to address and 
implement such a program. 

OAST needs to involve the community of users, including the 
universities, in the broad R&T effort. This might best be done by 
OAST taking the lead in the development of a strawman program plan, 
starting with technical issues stemming from realistic space flight 
system projections. This plan could be the basis for an indepth 
technical worksnop with outside and inside experts to review, advise, 
and refine the gross plans. To make the plan real, schedules, budgets, 
and budget sources should be identified and appropriate levels of 
approval obtained. It would be most desirable to complete this 
realistic scoping effort before the second part of the space station 
Phase B (preliminary design) study gets under way early next year. 

However it is done, OAST needs to identify for itself, and the 
space station program, the engineering technology research and 
development program (in terms of needs, need for in-space work, and 
related activity) that is to be funded. The timing here is critical 
in terms of identifying the probable real program in time to affect 
the preliminary design part of Phase B. Input from the user 
community, including DOD, should be pursued. 

If properly exercised, this activity will serve to strengthen 
OAST's efforts to build the constituency that it needs to represent. 
However, other actions are warranted. These actions involve seeding 
space engineering research and technology development within the 
universities and industry; involving other government agencies and 
serving their interests; and establishing a review, assessment, and 
advisory group that follows program definition, development, and 
implementation on a continuing basis. 

Other matters that should be given attention include: more 

emphasis on basic R&T to build the understanding of the effects of 
space flight and operations environment on basic phenomena; estimation 
of costs for the conduct of in-space R&T so that options can be 
assessed and investment decisions made; promulgation of university 
activity to support the development of astronautics courses and 
related instructional material; and assistance in the broadening of 
the R&T base through the tool of announcements cf in-space R&T 
opportunities . 

The panel is appreciative of the support provided by NASA personnel 
and their active participation in the meeting. Panel members 
expressed a continuing interest in the development of the program and 
a willingness to meet at a later date to review and assess progress. 
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Stanley Weiss, Lockheed 

Industrial Considerations for Space Station Research and Technology 

• Unique environment to expand general engineering knowledge 

• Space applications 

• Terrestrial applications 

• Fundamental data bases 

• Laboratory data 

• Proof of concepts 

• Terrestrial process modeling 

• Space processes and manufacturing 

• The space station support facility 

• Incentives to industry use 

• Limits to our plans of today 
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(METER 3 -DAYS) 

ATTACHED PRESSURIZED MODULE — PORT-DAYS 
UNPRESSURIZED BAY ATTACHMENT — BAY-DAYS 
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NASA'S SUPPORT OF THE "SPACE INDUSTRY" 1 


INTRODUCTION 

For many years, Che NACA/NASA Aeronautics R4T program has made sizeable 
contributions to the development of aviation in the United States. These 
contributions have arisen both from the application of NACA/NASA research by 
industry and £ rom a close working relationship between industry and NACA/NASA. 
The situaciou in Space is significantly different. For many years, the NASA 
space flight program has been the dominant space flight program in the United 
Scaces. Thus, the NASA Space R&T program quite naturally was directed at the 
Agency's future space missions. In recent years, however, the military and 
commercial space flight programs have grown to be larger chan NASA's program. 
NASA's Space RAT, however, ^has not responded to this "market" a^d does not 
support the Space Industry as it does the Aeronautics Industry . This 
situation has lead to cha following questions: 

1) Should NASA support the Space Industry as it does the Aeronautics 
Industry? 

2) Is the NASA Space RAT budget adequate to provide this support? 

3) What are the obstacles (ocher than funding) to NASA providing such 
support and what might NASA do to overcome Che obstacles? 

The first and second questions were examined at the 1982 Woods Hole 
Sumner Study conducted by the National Academy; in summary, the answers were 
"Yes" to the first question and "No" to the second. The third question was 
che subject of two meetings held with industry and university representatives 
in January 1 98 A . This paper summarizes the January 1984 meetings. 


OVERVIEW 


There are significant "cultural" differences between Aeronautics and 
Space largely resulting from how NACA/NASA and che two industry groups have 
evolved. In the case of Aeronautics, NACA/NASA and the Industry developed 
very much as technical colleagues. In Space, however, the relationship has 
been one of NASA being a mission/contracting agency and the Space Industry 
being its contractors. For NASA to support the Industry, both organizations 
must believe chat industry is NASA's customer — while this is Che cc/tanon 
attitude in Aeronautics, it is not che attitude of either NASA or che industry 
ir. the case of Space. The NASA/DOD relationship in Space is also different 
chan che relationship between NASA and DOD in Aeronautics. For over 60 years, 
che DOD has understood and has supported NASA's Aeronautics role. Thus, many 
cooperative Aeronautics programs exist between DOD and NASA, and DOD 
encourages their contractors to have close working relationships with NASA. 

The common attitude of DOD toward NASA's space role is similar to Chat of che 
Space Industry. Consequently, che DOD Space organizations have not encouraged 
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their contractors to solicit technical support from NASA as have their 
Aeronautics colleagues in DOD. 

This situation is exacerbated by the lack of a clear NASA statement on 
the Agency's role in providing RAT support to the Space industry for non-NASA 
missions. In addition, there is less willingness within the Space Industry, 
than there is in the Aeronautics Industry, to share technology between 
individual companies. 

The cultural differences summarized above are the bases of many of the 
obstacles identified in the January 1984 meetings. The general view of the 
people attending these meetings is that NASA cannot expect to support the 
Space industry exactly as it does the Aeronautics industry. However, the 
attendees do believe that NASA can and should, in its relationships with the 
Space Industry, move much closer to the type of relationship it has with the 
Aeronautics industry. With an increase in NASA's Space RAT budget and with 
the actions outlined below, the meeting attendees believe that substantive 
progress can be realized in reaching this objective. 

03STACLZS AND ACTIONS 2 


• Facilities 


The NASA Centers have many unique facilities for Aeronautics RAD. These 
serve as magnets to industry and have contributed significantly to the 
development of close NASA/industry relationships . This has, in turn, 
resulted in a recognition by the Aeronautics Industry of NASA's in-house 
capabilities. Increased willingness /desire of the Aeronautics Industry to 
solicit and- accept NASA's help during the RAD cycle, and a strong impact 
of the industry on the concent of NASA's Aeronautics Program. On the 
ocher hand, most major Space Companies have their own facilities and 
rarely are dependent on NASA's Space facilities (exceptions include 
launch and atmospheric entry facilities). Thus, NASA does not generally 
have unique Space facilities to serve as magnets to Industry. This has 
deterred the development of the same type of NASA/Induscry relationships 
in Space that have developed in Aeronautics. In addition, Industry is 
usually concerned with NASA building in-house facilities for the final 
assembly and test of space flight hardware. 

Actions 


1) NASA should better exploit chose NASA space facilities that are 
unique. In particular, the capability of conducting in space 
experiments on the Shuttle and the Space Station for the development 
of technology for NASA, DOD, and the Space Industry should be fully 
exploited. NASA should manage the use of these "facilities" for 
this purpose much as it does its Aeronautics facilities. For 
example, the leadership on the use of in space facilities for 
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technology experiments should be assigned to the research elements 
of NASA anti all possible steps should be taken to make it worthwhile 
for experimenters from NASA, DOD, and the Industry to use them as 
national test facilities. 


e Conflict of Interest 

In Aeronautics, NASA's role is one of R&T which supports civil and 
military aviation; in Space, NASA has a major role in missions of its own 
and, in some cases, NASA Centers are viewed by Industry as competitors 
for space flight hardware. Consequently, a major portion of tne NASA 
Space R&T is directed at its own missions and does not adequately reflect 
the DOD/Industry R&T needs for non-NASA missions. This is exacerbated by 
a significant portion of the NASA Space R&T being performed by NASA 
Centers which also have responsibilities for NASA Space missions and 
development programs. 

Actions 


2) The NASA Administrator should clearly state that NASA's role 
includes R&T support, in selected technologies, of the DOD and the 
Space Industry for non-NASA missions in a manner similar to the NASA 
role in Aeronautics. 

3) The Office of the Secretary for Defense should support this NASA 
role in Space R&T, communicate its position to their contractors in 
the Space Industry, and actively encourage the development of 
technical relationships by DOD and its contractors with NASA. 

4) The NASA Centers should closely monitor the IR&D programs of the 
Space Industry. This will provide NASA with an increased 
understanding of Industry's R&T programs and will send Industry the 
message that "NASA cares.” 

5) Space R&T should be primarily conducted in NASA's Research Centers; 
these Centers should emphasize their research roles in Space as they 
do in Aeronautics (for example, they should limit their space flight 
project management responsibilities). 

• Prozran Content/Centers of Excellence 


In Aeronautics, the predominant view at DOD and the Industry is that NASA 
R&T is a national leader. In Space, however, the predominant view of DOD 
and the Space Industry is that the NASA Space R&T is, in many cases, a 
follower to Industry R&T in those technologies which are applicable to 
non-NASA missions. It is felt that NASA cannot, and should not, be a 
Space R&T leader in all disciplines and systems applicable to non-NASA 
missions. However, NASA can be, and should be, a leader in selective 
disciplines and systems. In addition, NASA has been too liberal in the 
use of the term "Center of Excellence" and its Space R&T program is 
performed by too many NASA Centers for the resources available. 
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Act loa» 

6) NASA, with the assistance of DOD and the Space Industry, should 
■elect technologies for which NASA should be the national R&T 
leader; where appropriate, NASA should concentrate on "emerging 
technologies" which will "leap frog" current space systems. In 
addition, NAS/ should aggressively pursue only these technologies 
unique to space which are not being accelerated by non aero-space 
applications. NASA should make its facility investments and 
resource allocation decisions consistent with these selections. It 
is recognized that NASA's Space R&T must include most Space related 
disciplines and systems. Nevertheless, NASA should not attempt to 
be a national Space R&T leader in all cases. 

7) NASA should be very selective in citing an in-house NASA capability 
as a "Center of Excellence." Not all R&T capabilities at the NASA 
Centers need be considered "Centers of Excellence" and NASA 
Headquarters should, if the R&T is required, be supportive even of 
those Space R&T capabilities that are not identified as a "Center of 
Excellence." 

8) The user segments of the DOD and the Space Industry should have a 
larger role in planning the content of the NASA Space R&T Program. 

9) The NASA Centers engaged in Space R&T should develop cooperative 
programs and technical relations with the Space DOD and che Space 
Industry similar to what NASA has with the Aeronautics DOD and the 
Aeronautics Industry. 


e Communications and Marketing 

NASA does not effectively market its Space R&T and in-house space 
capabilities to chat portion of the Space Industry which is predominantly 
engaged in commercial and military Space Programs. NASA does not have 
the magnet facilities in Space that it has in Aeronautics and che 
NASA/Industry relationship is different in Space than it is in 
Aeronautics. Thus, Che need for NASA marketing its capabilities is 
greater in Space chan it is in Aeronautics; yet, NASA is less effective 
in Space than it is in Aeronautics. Another factor is that a number of 
technology advances * .lit from NASA Space Flight Projects conducted by 
NASA's Development Centers. Generally, these results are not 
disseminated to Industry as effectively as Aeronautical R&T results are 
disseminated. 

Acciona 


10) NASA should aggressively market its Space R&T capabilities to the 
Space organizations of DOD and to che Space Industry. This requires 
in plant visits to Industry management and technologists. 

11) The quality of NASA conferences on Space technology should be 
improved and specifically designed to attract the technologists from 
che Space Industry to attend che NASA conferences. 

12) NASA should provide incentives to its space project technologists to 
transfer, on a timely basis, major technological advances to che 
Space Industry. 
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• Funding Level 


While not an agenda item of the January 1984 meetings. Che adequacy of 
Che NASA Space R&T funding level was dlscusse J . The general conclusion 
was chac current levels are Coo low If NASA is to provide che support 
discussed above. 

Acclons 


13) NASA should seek innovative sources of Space R&T funding chac are 
separate from che annual budgec cycle (example — an analogy co che 
Highway Trust Fund?). 

14) NASA should increase ics Space R4T budgec in order to selectively 
build up in-house capabilities and co increase Che ouc-of-house 
components (including at the universities) of che in-house NASA 
programs . 
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Appendix C-2 


APR 3 1984 


TO: 


Directors, NASA Field Installations 
Director, Jet Propulsion Laboratory 
Of f icials-in-Charge of Program Offices 


FROM: A/Administrator 

SUBJECT: A Broader Role for Space Technology 


As you know, we have been seeking greater involvement and 
participation of industry and the university community in our 
Space Technology program. Recently, Don Hearth assembled a small 
group of national leaders of the aerospace community to explore 
some of the obstacles to NASA support of DOD and the space 
industry and to recommend specific actions that we can take to 
mitigate those obstacles. A short summary paper of their 
findings and recommendations is enclosed. 

I support all of these recommendations, but I want to address 
explicitly the second recommended action pertaining to technology 
support for non-NASA missions. In technology areas where we have 
unique facilities and expertise to offer, it will be NASA's 
policy to support the DOD and the space industry through 
cooperative R&T programs just as we do in Aeronautics. The NASA 
Charter clearly supports that role. 

There is one area where I think we can be particulary effective 
in establisning closer ties with the industry in technology 
development and that is in the use of the Shuttle to provide 
access for in-space experiments. Furthermore, such activities 
will establish a way of doing business that leads quite naturally 
into use of the Spa. a Station as a research center in space for 
technology and engineering experiments in zero gravity. 

To begin implementing this policy, I have asked Jack Martin to 
increase our emphasis on in-space flight experiments; to 
encourage the Centers, particularly the Research Centers, to 
initiate cooperative R&T programs with industry in areas where 
industry has expressed a need and where NASA can demonstrate both 
its willingness and ability tc help; and finally, to work with 
industry and DOD to select those areas for which NASA should be 
the national R&T leader. 
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I expect that there will be further discussion of this topic at 
the Joint Policy Review Committee/Center Director meeting on 
A^r i 1 9 . 
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I MIHIS I RY wmil I) HE ENCOURAGED TO INVEST IN SPACE EXPERIMENTS IF NASA COULD 
SIIIIR 1 1 N Mil IFAD I IMF REQUIRED AND PROVIDE ASSURANCE THAT PROMISED FLIGHT 


T HE NIIMRFR ONE UNANIMOUS RECOMMENDATION OF THE RESPONDANTS INTERVIEWED 







NASA PAPERS AT A I AA MEETINGS AND OTHER NATIONAL SYMPOSIUMS 


H A SINGLE POINT 01 C. ON I AC I WITHIN NASA FOR INITIAL INDUSTRY CONTRACT. 
1IIIS STUDY COMM I T TFF WAS STRUGGLING WITH THIS RECOMMENDATION EARLY IN THE 
STUDY HOWFVER ON OCTOBER 29 THE NASA ADMINISTRATOR ISSUED THE NASA 



GOVERNMENT FACILITIES WILL BE REJECTED. 


RECOMMENDA TI ONS CONCLUDED 



A I III (IDE AND ENVIRONNFNTAL FACILITIES ETC- 


S I N ( F II IS Nil I POSSIBLE TO PREDICT THE VOLUME OF INDUSTRY RESPONSE TO 
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APPENDIX D 


Background on the Space and Earth Science 
Advisory Committee (SESAC) Task Force on 
Scientific Uses of the Space Station 


• NASA's Office of Space Science and Applications has established an 
advisory committee on space station. 

• The committee is created under the auspices of an already existing 
advisory committee: The Space and Ear^h Science Advisory Committee. 

• This new committee is called "The SESAC Task Force on Scientific 
Uses of the Space Station. 1 

• It is chaired by Peter M. Banks, Professor of Electrical Engineering 
and Director of Space, Telecommunications and Radioscience 
Laboratory (STAR1.AB) at Stanford University. 

• The Banks committee has four important tasks: 

— assist NASA in planning the scientific utility of the station, 

— act as focal point for scientific input into space station 
ac t ivit ies , 

— aid in understanding relationship between new capabilities and 
the existing science and applications program, and 

— periodically update scientific requirements. 

• The committee consists of about 20 U.S. scientists and several 
international observers. 


The report of SESAC Task Force meeting from August 13-17, 1984: 

"The Task Force on Scientific Uses of Space Station 
(TFSUSS) io organized under the NASA Advisory Council as a 
sub-group of the Space and Earth Science Advisory Committee 
(SESAC). The responsibilities of the Task Force include, 
among others providing NASA with assistance in planning 
for the scientific utility of Space Station, helping NASA 
to define the relationship between Space Station and the 
existing program of space research, and acting as a focal 
point for the general interests of the national research 
community in developments relating to Space Station." 

PHD 

D/1 Tt 

A m r /^ s 


